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.ABSTRACT: A multichannel photoionization chamber is dis- 
closed for measuring absorption, photoionization yield and 
photoionizaticn coefficients of gases. The chamber includes a 
plurality of ion collection plates which permit measurement of 
ion current ratios to determine whether the absorption cross 
section is independent of both pressure and path length; he., 
Beer's law is obeyed. Also disclosed are a plurality of pressure 
gauges for measuring chamber pressure at locations adjacent 
each of the collector plates. The pressure values correspond- 
ing to ion current maxima for each collector plate are used to 
determine the absorption cross section of the filling gas. 
Identical values of cross section calculated in this way are 
another indication that Beer's law is obeyed. 
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A MULTICHANNEL PHOTOIONIZATION CHAMBER 
FOR ABSORPTION ANALYSIS 

ORIGIN OF TOE INVENTION 

The invention described herein was made by employees of ^ 
the United States Government and may be manufactured and 
used by or for the government for governmental purposes 
without the payment of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

This invention relates generally to ionization chambers and, 
more particularly, relates to photoionization chambers for the 
measurement of absorption, photoionization yield and 
photoionization coefficients of gases. 

Photoionization chambers have been widely used as detec- 
tors in the vacuum ultraviolet. They usually consist of one or 
two collector plates facing a common repefler plate. Also 
known is a' single plate ion chamber for determining the 
ionization potentials of several gases. Two-plate ion chambers 
(henceforth called double ion chambers) have been used to 
measure photoionization yield, absorption, and photoioniza- 
tion coefficients, and the absolute intensity in the vacuum ul- 
traviolet. For most applications in the spectral range above 
1022 A, ionization chambers are sealed permanently with a 
transparent solid window through which the radiation can 
pass. However, in the spectral range 1 022 A to 1 20 A, all solids 
are opaque and, therefore, windowless ionization chambers 
have to be employed. In these windowless chambers the filling 
gas readily diffused through the window aperture and there- 
fore must be replenished continuously from a gas reservoir. 
This procedure may result in a density gradient and in density 
fluctuations within the ionization chamber which are not mea- 
surable directly and may cause uncertainties in the measure- 
ments. To alleviate this difficulty of obtaining reproducible 
results many repetitive measurements must be made in a given 
pressure range with existing ionization chambers. 

In order to determine such parameters as absolute photon 
yield of radiation sources or photoionization cross sections of 
gases with an ionization chamber detector, the absorption 
coefficient of the filling gas must be known accurately. Con- 
sequently, the accuracy of such a measurement depends on 
the accuracy of the value of the absorption coefficient used 
and, furthermore, Beer’s law must be obeyed in the absorption 
path within the chamber. Beer's law will not be obeyed if the 
density gradient is appreciable. 

The object of this invention, therefore, is to provide an im- 
proved ionization chamber that simplifies the measurement of 
absorption, photoionization yield and photoionization coeffi- 
cients of gases. 

SUMMARY OF THE INVENTION 

The invention is characterized by the provision of an ioniza- 
tion chamber comprising a hollow housing for containing a 
test gas at reduced pressure and having an input end adapted 
to receive a beam of radiation from a monochromator. At 
least three collector plates are disposed within the housing and 
spaced apart in the direction of radiation transmission. By 
comparing the ratios of ion current collected by certain pairs 
of collector plates, it can be determined whether the absorp- 
tion cross section within the housing is independent of both 
the pressure and the path length of the radiation. 

An important feature of the invention is the provision of an 
ionization chamber of the above type including a plurality of 
pressure gauges for measuring the chamber pressure at 
distinct locations juxtaposed each of the collector plates. The 
pressure gauges are used to determine the pressures at which a 
maximum value of ion current is drawn by each of the collec- 
tor plates. These pressure values are then used to calculate in- 
dependently the absorption coefficient of the filling gas. If the 
calculated coefficients are identical, additional proof is pro- 
vided that the absorption cross section within the chamber is 
independent of both pressure and path length. 
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Another feature of the invention is the provision of an 
ionization chamber of the above types including guard elec- 
trodes disposed between each of the collector plates and 
wherein the effective collection-surface areas' of all the collec- 
tor plates are equal. The guard rings serve to electrically iso- 
late the individual collector plates while the equal collection 
surface areas establish a uniform relationship between the 
measured parameters at the individual plates. 

Another feature of the invention is the provision of an 
ionization chamber of the above types secluding a radiation 
trap mounted at the end of the housing opposite the input end. 
The radiation trap insures accurate ion current measurement 
at the nearest collector plate by eliminating the back scatter- 
ing of photons. 

Another feature of the invention is the provision of an 
ionization chamber of the above type including at least five in- 
dividual collector plates. The use of at least five collector 
plates increases the number of possible data checks and 
thereby insures further the validity of the measurements 
made. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features and objects of the present inven- 
tion will become more apparent upon a perusal of the follow- 
ing specification taken in conjunction with the accompanying 
drawings wherein: 

FIG. I is a schematic cross-sectional view of a preferred 
ionization chamber embodiment of the invention; and 

FIG. 2 is a plot of ion current vs. pressure for each of the 
collector plates shown in FIG. 1. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to FIG. 1 there is shown a cylindrical housing 

11 having an input end closed by an end plate 12 and an out- 
put end closed by an end plate 13. Connected to the end plate 

12 is a partially shown monochromator 14 that directs a beam 
IS of ultraviolet radiation through an opening 16 in the end 
wall 12. A radiation beam 15 is transmitted along the longitu- 
dinal axis of the cylindrical housing 11 into a horn-shaped 
light trap 17 covering an aperture 18 in the end plate 13. 

Disposed within the housing 1 1 and spaced apart along the 
longitudinal axis thereof are a plurality of ion collector plates 
21—25 all having equal sized ion collection surfaces posi- 
tioned parallel to a common repefler plate 26. A plurality of 
guard electrodes 27 are positioned between each pair of col- 
lector plates in the plurality of plates 21—25 and at opposite 
ends of the entire array. All of the guard plates 27 are electri- 
cally connected to the grounded housing 1 1 . 

Connected to the collector plates 21—25 are a plurality of 
electrical leads 3 ! that pass separately out of the housing 11 
through a corresponding plurality of insulator feedthroughs 32 
so as to permit independent measurement of the ion current 
collected by each collector plate. The repefler plate 26 is ener- 
gized to a positive voltage by a lead 33 that enters the housing 
I! through an insulator feedthrough 34. A pumping port 35 is 
located directly adjacent the output end of the housing II and 
is adapted for connection to a suitable vacuum pump (not 
shown). Communicating with the input end of the housing II 
is a variable leak valve 36 that permits establishment of a 
desired pressure within the housing 11. A plurality of pressure 
gauges 41 — 45 are connected for gas communication with ad- 
joining chamber volumes including each of the collector 
plates 21—25. 

During use, the ion chamber It is fitted with a brass plate 
having a centrally located adjustable slit 50 that restricts the 
outflow of gas from the chamber. This plate also serves as a 
part of the differential pumping system and is positioned 
between the exit slit of the monochromator 14 and the ion 
chamber 11. The other end of the ion chamber first accom- 
modates a photomultiplier (not shown) to monitor the radia- 
tion. Once the monochromator 14 is calibrated in terms of 
wavelength vs. counter readings, the photomultiplier (not 
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shown) is replaced by the hom-shaped light trap 17. If a sim- 
ple blank. off flange is used in place of a light trap, there is an 
enhancement of ion current at the last collector plate 25. This 
effect is due to back scattering of photons by the flange and 
can introduce a significant error in the measurements. 5 

As stated above, the accuracy of measurements utilizing an 
ion chamber depends on an accurate knowledge of the ab- 
sorption cross section. The optimum conditions for accurately 
measuring the absorption cross section will now be con- 
sidered. 10 

As shown in FIG, 1, let L and L' be the length of each col- 
lector plate and the distance between successive plates, 
respectively. Let 0m and 0m', respectively, be the photon flux 
entering and leaving the mth plate, then, applying Lambert’s 
law., f M 15 

4>m — 0o exp [—am LmL'-H. m— 1 )L 1 ] { 1 ) 

0 m ' = 0o ex P l~-<rn I m L' + mL } ] ( 2 ) 

where 0o is the flux at the entrance slit of the ion chamber. The 
photon flux absorbed over the path length L is given by 

0m— 0m' = 0o ex P 20 

(nH) L )]X[ 1— exp(— <r«L)], (3) 

where or is the absorption cross section, and n is the 
number density of the gas, assumed to be the same throughout 
the length of the chamber. Let y be the photoionization yield 
of the gas, then, by definition, 25 

hJ^y 0c>exp [“trn { mL '+( m— 1 ) L j ]X[ 1 —exp (— crnL ) ] , ( 4 ) 
where i ra is the ion current measured at the mth collector 
plate, and e is the electronic charge. 

A plot of ion current i m vs. number density n , according to 
Eq. (4) passes through a maximum. The value of number den- 30 
sity for which the current at the mth collector plate is a max- 
imum is found by equating dijdn to zero and is denoted by 
n m imx From the resulting expression we find, 

<f=( l in m , maJ L) In [(LM-D/iL'-K 1-1/m) L )] (5) 

It will be noted that bq. (5 ) is independent of i m ; n mtmax is the 35 
only variable quantity, all others are constant geometrical 
parameters. Therefore, in order to determine the value of a, 
one only needs to know n mMajr For this purpose one measures 
and plots i m as a function of gas pressure p and obtains p WiW0X , 
where 40 

P m ^PonT(H o T 0 
and 

N 0 — 2.69X ! 0 1 * molecules/cc. , 

/>=760 torr, 

J' 0 — 273.16° K. ' ^5 

The general behavior of the variation of ionization current 
with pressure is shown by the curves in FSG. 2. From these 
curves it is seen that P m , max I s different for each plate 21—25, 
its value decreasing with increasing value of m. FIG. 2 shows 
maxima at points A, B, C and D for plates 22 — 24, respective- 50 
ly. The value of the cross section can be computed from Eq. 

(5), using any one of the values of n vumax obtained experimen- 
tally. If the values thus obtained are identical, then the absorp- 
tion cross section is independent of both the pressure and the 
path length; Le., Beer’s law is obeyed. 55 

It should be noted that the values of n mj!Ulx in FIG. 2 are re- 
lated to the number density n tM)ax at the second collector plate 
22 by 


Using Eq. (6), the experimentally determined values of 
n mjmx may be cross-checked after has been calculated. 

Furthermore, from Eq, (4), it can be shown that 65 

l!=^=i?=3=exp [, T n{L' + L)} 

1-2 23 74 t? } 

where i„ i 2 , i ;h i 4 and i 5 are the ion currents measured at collec- 70 
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tor plates 21 through 25, respectively. Expression (7) will hold 
for each set of observations provided the same attenuation law 
is obeyed throughout the ion chamber and is independent of 
pathlength. Therefore, the present invention provides an easy 
way to check the ratio of ion currents to successive collector 
plates for each observation, which is not possible with a dou- 
ble ionization chamber. 

Obviously, may modifications and variations of the present 
invention are possible in light of the above teachings. It is to be 
understood, therefore, that the invention can be practiced 
otherwise than as specifically described. 

We claim: 

! . Multichannel ionization chamber apparatus comprising a 
hollow housing having an input end adapted to transmit a 
beam of radiation and an output end for receiving the beam of 
radiation, repeller plate means disposed in said housing, col- 
lector plate means comprising at least three collector plates, 
with the effective collection surface areas of all said collector 
plates being equal, disposed within said housing and spaced 
apart in a direction from said input end to said output end, 
guard electrodes disposed within said housing between each 
adjacent pair of said collector plates, pressure measurement 
means adapted to permit independent pressure measurements 
within said housing at distinct locations adjacent each of said 
collector plates, and separate collector leads connected to 
each of said collector plates and extending out of said housing 
so as to permit independent measurement of the ion current 
collected by each of said collector plates. 

2. Multichannel ionization chamber apparatus according to 
claim I wherein said pressure measurement means comprises 
separate pressure gauges disposed to measure pressure at each 
of said distinct locations. 

3. Multichannel ionization chamber apparatus comprising a 
hollow housing having an input end adapted to transmit a 
beam of radiation and an output end for receiving the beam of 
radiation, repeller plate means disposed in said housing, col- 
lector plate means comprising at least two collector plates 
disposed within said housing and spaced apart in a direction 
from said input end to said output end, separate collector 
leads connected to each of said collector plates and extending 
out of said housing so as to permit independent measurement 
of the ion current collected by each of said collector plates, 
and pressure measurement means adapted to permit indepen- 
dent pressure measurements within said housing at distinct lo- 
cations adjacent each of said collector plates. 

4. Multichannel ionization chamber apparatus according to 
claim 3 including guard electrodes disposed within said hous- 
ing between each of said collector plates. 

5. Multichannel ionization chamber apparatus according to 
claim 4 wherein the effective collection surface areas of all 
said collector plates are equal. 

6. Multichannel ionization chamber apparatus according to 
claim 5 including radiation absorbing means located in said 
output end of said housing. 

7. Multichannel ionization chamber apparatus according to 
claim 6 including pumping port means disposed adjacent said 
output end and adapted for connection with a vacuum pump, 
and a variable leak valve disposed adjacent said input end. 

8. Multichannel ionization chamber apparatus according to 
claim 5 wherein said pressure measurement means comprises 
separate pressure gauges disposed to measure pressure at each 
of said distinct locations. 

9. Multichannel ionization chamber apparatus according to 
claim 8 including pumping port means disposed adjacent said 
output end and adapted for connection with a vacuum pump, 
and a variable leak valve disposed adjacent said input end. 

10. Multichannel ionization chamber apparatus according 
to claim 9 including radiation absorbing means located in said 
output end of said housing. 
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